The purpose of this study was to investigate the relationship between dietary antioxidant intake and the risk of subarachnoid hemorrhage (SAH) in a case-control study. An antioxidant intake score was calculated for individual values for each food group (soy products, green yellow-vegetables, fruits, boiled rice and tea) collected by a self-administered food frequency questionnaire. Incident SAH cases (n ¼ 201) were identified and individually matched for age (72 years) and gender to community (n ¼ 201) controls from April 1992 to March 1997. The antioxidant intake score was inversely associated with the risk of SAH, even after adjusting for confounding factors (lowest vs highest score adjusted odds ratio, 0.54; 95% confidence interval, 0.30-0.99). These findings suggest that the development of SAH may be reduced by the frequent intake of various antioxidants in the diet. Prospective studies are needed to confirm the relationship of dietary antioxidants to SAH risk in Japanese men and women.
Introduction
Several studies have suggested that dietary antioxidants may play a protective role against the development of subarachnoid hemorrhage (SAH) (Marzatico et al., 1998; Leppala et al., 1999 Leppala et al., , 2000 Hirvonen et al., 2000; Kaynar et al., 2005; Okamoto, 2006; Okamoto and Horisawa, 2006) . In general, various dietary antioxidants may be interactive or synergistic rather than isolated. Therefore, we conducted a case-control study of newly diagnosed patients in Japan to explore the relationship between antioxidants intake score summed values of dietary antioxidants intakes and the risk of SAH.
Methods
Our methods were described previously in detail (Okamoto et al., 2001 (Okamoto et al., , 2003 Okamoto and Horisawa, 2006) . Briefly, we recruited all consecutive and incident SAH patients admitted at two large medical hospitals located in Nagoya from April 1992 to March 1997. In all patients, aneurysm (s) was confirmed by surgical inspection based on the findings from CT and/or angiography.
Cases
Case subjects age ranged from 30 to 79 years , including some who had experienced their first spontaneous episode of SAH.
Controls
Using the basic register of residents, we randomly selected community control subjects with no past history of SAH, matching each patient for age (72 years) and gender from among general population in the same district as our case subjects.
Data collection
Direct interviews were conducted with SAH patients at the hospital and, for community controls, at their homes. Two investigators (KO and RH) directly interviewed all patients face to face within a month after their admission.
Institutional ethics committees in each of the two study hospitals approved the protocol before the study began. All participants provided informed consent after a verbal explanation of the study protocol was provided.
Dietary information. The dietary component of the questionnaire inquired about the average intake frequency of 97 items of Japanese foods and dishes (supplements were not considered in the present study). The intake frequency of each food item was assessed using the following five categories: 'never/seldom', 'less than once a week', 'once or twice a week', 'three to five times a week', and 'almost daily'.
To avoid multiple comparisons, food items (except rice) were classified into four food groups: soy products (tofu, soy paste soup, miso soup, boiled beans and natto); green-yellow vegetables (carrots, spinach, pumpkins, sweet peppers, tomatoes and others); fruits (apple, banana, orange, watermelon, strawberries, grapefruit); boiled rice; and tea (green and black). Only boiled rice was analyzed separately.
Other data. Hypertension was defined as a history of treated hypertension. Smoking status was classified into current smokers and nonsmokers (including ex-smokers and never smokers). Positive family history of SAH was defined as anyone of the subjects' first-degree relatives, having experienced SAH in the past.
Statistical analysis
Those who had one or more of the above-mentioned four soy products, six vegetables and fruits, and tea and boiled rice almost every day were grouped into high-intake category. Those who consumed all the soy products and/or six vegetables once a week or less were included in the low-intake category, whereas the others were made up the medium-intake group. A value of 1, 2 and 3 was assigned to food group categories, low-, medium-and high-intake, respectively. The antioxidants intake score (range from 1 to 15) totaled a value in each food groups. This score was then classified into approximate tertiles based on intake scores among control groups.
The odds ratio (OR) and its 95% confidence interval (CI) were estimated using multiple conditional logistic regression models which matched variables and potential confounders (Breslow and Day, 1987) . The survey data were analyzed using SPSS 13.0 for Windows (SPSS Inc, Chicago, IL, USA).
Results
A total of 204 consecutive patients with spontaneous SAH were identified from the two study hospitals. Three of these patients were excluded because we discovered other origins of their SAH (arteriovenous malformation and traumatic SAH), resulting in 201 SAH patients available for the present analysis. SAH patients had significantly higher proportions of hypertensive (Po0.001), current smoking habits (P ¼ 0.003), and a positive family history of SAH (Po0.001). Table 1 shows that higher frequencies of soy products, green yellow-vegetables, fruits, boiled rice and tea were significantly associated with a decreased risk of SAH. Table 2 shows the antioxidant intake score was inversely associated with the risk of SAH, even after adjusting for confounding factors (lowest vs highest score adjusted OR: 0.34 95% CI; 0.16-0.72). Dietary antioxidant intake and SAH risk K Okamoto and R Horisawa Discussion A higher antioxidant intake score yielded an approximately 70% reduction in SAH risk in the highest score compared with the lowest even after adjusting confounding factors. This is the first epidemiological finding indicating that the frequent intake of various kinds of dietary antioxidants may have a protective role against the onset of SAH.
In this study, we also found that high intake frequency of soy products, green-yellow vegetables, fruits, boiled rice and tea used to construct the antioxidants intake score was associated with a decreased risk of SAH. In general, dietary antioxidants may provide interactive or synergistic effects on health rather than any one food could not provide. The food groups and items selected in the present study contain a wide range of antioxidants such as flavonoids (including isoflavones and catechins), b-carotene, and vitamins C and E, and their antioxidant activity appears to be the result of a combination of those different compounds acting in a synergic and interactive manners (Jialal and Fuller, 1995; Honore et al., 1997; Bates et al., 1998; Williams and Clarkson, 1998; Wakai et al., 1999; Schutte et al., 2004; Cherubini et al., 2005) .
There are some limitations to this study. First, the two hospitals involved in this study were center hospitals in the eastern or southern area of the city to which almost all patients with severe or acute medical conditions are admitted. Secondary, community controls were randomly selected from among residents of the same areas as our case subjects. Accordingly, the effects of selection bias, if any, would seem to be small. Thirdly, as it is possible that patients with SAH may have reported their dietary habits after the onset of their disease, we used only newly diagnosed SAH patients.
Two strengths of the present investigation warrant mention. First, not only were all SAH patients in this study newly diagnosed, but we also included both alive and deceased subjects to avoid the effect of survival bias. Second, bias owing to disease misclassification is also unlikely, as all the patients recruited were those diagnosed with aneurismal SAH by surgical inspection, whereas control subjects with possible SAH events were not included.
In conclusion, the present studies suggest that the frequent intake of various kinds of dietary antioxidants may be associated with a decreased risk of SAH.
